The crosslinked gelatin/CuS/PVA nanocomposite catalyst prepared using gamma irradiation as initiator was extensively characterized using several techniques including transmission electron microscopy (TEM), UV-Vis spectroscopy, infrared spectroscopy (IR) and X-ray diffraction (XRD). We chose Rhodamine B (RhB) dye as a model contaminant in order to investigate its Photocatalytic activity under solar light irradiation. The effects of pH, catalyst concentration and RhB concentration on degradation reaction were also investigated. Similar to the observed trend for the photocatalytic oxidation of other organic compounds, the efficiency of photocatalytic degradation of RhB tended to decrease with increasing the concentration of RhB. The degradation efficiency of RhB is found to increase as pH is increased up to pH of 10, then starts decreasing at pH values higher than 10. The degradation efficient of RhB is found to increase as the amount of the catalyst dosage increases up to an optimum value of 0.25 g. Increasing the concentrations of photocatalyst beyond 0.25 g was found to decrease the photocatalytic activity of RhB. It was proven that the degradation process of RhB reaction rate obeyed a pseudo-first-order reaction of the catalyst concentration of gelatin/CuS/PVA nanocomposite. The degradation kinetics was found to fit well Langmuir-Hinshelwood rate law. The results obtained showed that after using the catalyst five times repeatedly, the catalyst retained its efficiency and the rate of the degradation process was still above 80%.
Introduction
Organic dyes used in food and textile manufacturing are considered to be an essential source of pollutants to the environment due to their non biodegradability and high toxicity to aquatic creatures and carcinogenic effects on humans. Therefore, organic dyes removal from waste waters has been one of the most important environmental issues and complete removal of organic dyes is essential because organic dyes will be perceptible even at low quantities [1] . In countries all over the world, developing and industrialized, the number of organic pollutants discharged into all kinks of open waters is on the rise [2] . Soluble organic dyes, which are considered to be one of the main groups of pollutants in waste water, are among those organic pollutants.
A series of solutions have been put forward to protect humanity from organic dye polluted waste water, and photodegradation represents an important degradation pathway. The photocatalytic oxidation is considered to be one of the emerging technologies used to remove organic pollutants. These technologies have high efficiency in their mineralization, ideally producing CO 2 , H 2 O and inorganic mineral ions as end products [3] [4] [5] [6] . Photocatalytic degradation, in particular, has attracted a great deal of attention for its simplicity, efficiency, law cost and low secondary pollution. Photo-catalysis in general has attracted the attention of many researchers for many years due to its widespread applications in water purification and molecular hydrogen (H 2 ) generation [6] . Recently, semiconductor photocatalysts show a promising potential to utilize solar energy to deal with many related problems, like the degradation of organic pollutants and the generation of H 2 from water analysis [7] [8] .
Rhodamine B is an organic dye which dissolves easily in water and widely used in the manufacturing of textile, printing, paper, pharmaceutical and food products [9] [10]. It is allergic to the respiratory system, skin and eyes. It is also a very well-recognized water tracer fluorescent. Rhodamine B is also an important representative of xanthene dyes, and it is usually used as a dye laser material because of its good stability. In recent years, there are many research works focusing on the degradation mechanism of RhB [11] [12] [13] , most of them are concerned the mechanism under visible illumination, and N-de-ethylation of RhB is the main degradation mechanism. Therefore, the control against dye wastewater pollution is an important issue to tackle throughout the world.
Copper sulfide is regarded as one of the major p-type semiconductors due to its versatility, availability and low-toxicity nature. In addition, it has excellent optical, electronic and other physical and chemical properties [14] . Due to its good photosensitivity, excellent physical and chemical stability, CuS is an important semiconducting nanomaterial having direct band gap with various potential applications. These applications include catalysis, solar cell, photothermal conversion, gas sensing, lithium ion batteries and nanometer-scale switches [15] . Recently, CuS photocatalytic activity has drawn enormous attention due to their potential applications in the degradation of dye as major ecological contaminants [16] . Mechanistically, CuS photocatalyst is first excited by solar light, which then initiates the photodegradation of pollutants. In the be- (4)).
• OH radical is known to be a very strong oxidant which can easily degrade most pollutants (Equation (5) 
OH dey degradation products.
Natural polysaccharides play an important role in the biosynthesis process of nano-sized semiconductor sulfides [18] . The application of natural organic substances in the preparation of nano-sized material introduces a cutting edge for the charge transfer resulting in major enhancement of photocatalytic efficiency [18] [19] . Aboutaleb, et al. [20] prepared PAMAM dendrimer/CuS/AA nanocomposites using gamma irradiation cross-linking method with the aid of sonication. They used the prepared materials to evaluate the removal of Isma acid fast yellow G Dye. The adsorption rate of the dye was found to be almost 85% after 120 min. Wei Shu, et al. [21] reported a controlled synthesis of CuS caved super structures and their application to the catalysis of organic dye degradation in the absence of light. They showed that CuS prepared by this method had efficient catalytic activity, making it a cost-effective and convenient method for the treatment of dye-contaminated wastewater. Yu, et al. [22] reported that carboxylic acid functionalized graphene oxide-copper (II) sulfide nanoparticle composite (GO-COOHCuS) was prepared from carboxylated graphene oxide and copper precursor in dimethyl sulfoxide (DMSO) by a facile synthesis process at room temperature. They reported their application to the photocatalytic degradation of phenol and Rhodamine B (RhB), as well as the inactivation of Escherichia coli (E. coli) and Bacillus subtilis (B. subtilis) under solar light irradiation using the as-synthesized materials as the photocatalysts. Ghosh, et al. [23] also reported a simple electrochemical route to deposit Cu7S4 thin films and their photocatalytic properties. Zang, et al. [24] reported biomolecule assisted environmentally friendly one pot synthesis of CuS/RGO nanocomposites with enhanced photocatalytic performance for degradation of Rhodamine B. The main objective of this research project is to focus on newly prepared Gelatin/CuS/PVA nanocomposites initiating the polymerization reaction by γ-ray irradiation. In this work, our aim is to examine the activity of the photocatalytic process of the prepared nanocomposite while monitored against the degradation of Rhodamine B dye under solar irradiation.
Experimental

Materials
Gelatin (Sigma-Aldrich Company) and polyvinyl alcohol (PVA) were used as received.
Copper acetate Cu(CH 3 COO) 2 ·2H 2 O, Na 2 S, were purchased from Sigma.
The dye used in these experiments were Rhodamine B (RhB) (λ max = 554 nm). The molecular structure of this organic dye is shown in Figure 1 . RhB dye was used without any further purification. Phosphate buffers and other chemicals were all reagent and used as received from their providers. 
Synthesis of Gelatin/CuS/PVA Nanocomposites
In a typical method, gelatin/CuS/PVA nanocomposites were prepared according to the method reported in previous work by Abou Taleb, et al. [20] . In Particular, 0.3 g of gelatin was dissolved in 30 ml of distilled water under ultrasonic stirring for 1 h at room temperature to form an aqueous solution of 1% concentration. A 5-ml portion of Cu(CH 3 COO) 2 ·2H 2 O stock aqueous solution (0.2 M) was mixed with 10 ml of the previously prepared gelatin solution and vigorously stirred for 10 min. Consequently, a suitable amount of freshly prepared aqueous solution of Na 2 S (0.2 M) was prepared. Subsequently, 10 ml of PVA (10 wt%) was added to the mixed suspension solution and the mixture was stirred for 60 min at 37˚C using ultrasonic stirring in order to have a well dispersed solution.
To remove oxygen from the reaction mixture, the mixture was purged with nitrogen for 10 min and then irradiated in Co 60 γ-ray cell 220 (nordion INT-INC, Intario, Canada) facility of King Abdulaziz City for Science and Technology (KACST), Riyadh, Kingdom of Saudi Arabia. Polymerization reaction was done at 30 kGy at a dose rate of 1.4 kGy/h. After irradiation, the sample was immersed in a solution of glutaraldehyde (0.5% v/v) for 6 h. After the reaction is complete, the produced nanocomposite was washed with absolute alcohol (ethanol) and consequently by doubly distilled water for three times. The sample is finally dried out in an oven at 50˚C in air atmosphere.
Characterization
FT-IR spectra were collected using JASCO-4100 spectrometer. X-ray diffraction (XRD) data were collected using Rigaku 2550D/max VB/PC X-ray diffractometer using Cu Kα radiation (λ = 1.54056Å). SEM; Japan, with an energy dispersive spectroscope (EDS) X-ray spectrometer was used to collect SEM images. TEM images were collected using 2100; JEOL transmission electron microscope.
RhB Adsorption Isotherms
In a batch adsorption experiment, typically, 10 mg of the photocatalyst and 25 ml of RhB solution with known initial concentration (C 0 ) is first prepared. The change of RhB concentration is monitored using spectrophotometer (APEL (PD-303 UV)) at 554 nm and the adsorption capacities is calculated using the equation 
Photocatalytic Degradation Studies
In a typical photocatalytic experiment, 20 mg of the photocatalyst is suspended in 50 ml of RhB solution (50 mg·l −1 ) and stirred in the dark for 60 min to insure reaching the adsorption/desorption state of equilibrium. After equilibrium is reached, the nonadsorbed concentration of RhB is measured and taken to be the initial concentration for the photocatalytic process. The reaction mixture is then irradiated under solar light.
Periodically, a 5-ml sample is withdrawn out of the reaction mixture and the extent of degradation is measured using a spectrophotometer at 554 nm. The readings were repeated while the concentration of phenol is varied within the range 25 -100 ppm.
The photodegradation rate for each experiment is calculated using Equation (6):
photo degradation rate 100.
where, C 0 denotes the initial concentration of RhB before illumination and C represents the concentration of RhB in suspension after time t (mg·l −1 ).
The kinetics of photocatalytic reactions expressed using the concentrations of the photocatalysts can be expressed using the Langmuir-Hinshelwood (L-H) model [25] [26]. When the initial concentration of the reactant (the dye here) is low, Equation (7) holds for the reaction [27] .
where t the time of irradiation (min) and C 0 is the initial concentration of the photocatalyst (mg/l). The observed rate constant, k obs , can be taken as the apparent first order rate constant of the degradation reaction. A plot of ( ) 0 ln i C C versus t yields a straight line with a slope of k obs .
The overall uncertainty for all experiments was only 3% -5%. , which corresponds to the stretching vibrational modes of -OH, -NH 2 and -CONH groups, was shifted to 3321 cm −1 and became stronger and broader. This suggests a strong interaction between CuS and these groups. The peak at 623 cm −1 corresponds to the characteristic peak of CuS [26] . Also, the spectrum of gelatin/CuS/PVA showed the buildup of the peak at 1654 cm −1 and the disappearance of the band at 1596 cm −1 , which might be related to the continuous decrease of -NH 2 groups as a result of the crosslinking process and the complexation [18] . The FTIR spectrum of gelatin/PVA showed a band around 3400 cm −1 indicating the presence of O-H group with polymeric association Figure 2 . FTIR spectra of (a) gelatin /PVA and (b) gelatin/CuS/PVA. and a secondary amide. The peak at 1725 cm −1 indicates the esterification of PVA and gelatin. All these results align well with previous results reported by Dharmendra, et al. [27] . Figure 3 
Results and
TEM
XRD
The XRD data revealed the structures of gelatin/CuS/PVA and gelatin/PVA. The XRD patterns of gelatin/PVA displayed in Figure 4 (a) showed that the characteristic peak at 2θ = 20.43, which coincided with the pattern of the tendon hydrate polymorph of gelatin/PVA reported previously [30] . The XRD patterns for gelatin/CuS/PVA shown in successfully in the gelatin/CuS/PVA nanocomposite matrix. Figure 5 displays the EDS spectrum of the synthesized nanocmposite. The appearance of Cu and S peaks confirmed the successful formation of CuS nanostructures.
Photocatalytic Degradation of RhB
Photocatalytic degradation of RhB was done in a batch reactor and the reaction variables were optimized to maximize the efficiency of degradation process. The essential parameters of the reaction, including: 1) initial RhB concentration, 2) medium pH, and 3) catalyst loading, were varied, and the results are discussed in the next sections.
Photocatalytic Activity
The efficiency of the photocatalysis process of gelatin/CuS/PVA samples were estimated by photocatalytic degradation of RhB aqueous solutions at three different conditions of experiment, and illustrated in Figure 6 . It can be seen that almost no RhB photodegradation for two circumstances: 1) for the mixture of RhB and water in as-mixed state and 2) when the mixture is irradiated while there is no gelatin/CuS/PVA available for Four hours. These results reveal the absence of RhB degradation in such mixtures. There was a slight loss, 8%, in non-irradiated suspensions due to the adsorption of RhB particles on the gelatin/CuS/PVA nanocomposite [10] . Also, it can be noted that the experiment in the absence of photocatalysts showed almost no RhB photodegradation, implying that the self photolysis of RhB is negligible when irradiated with visible light. However, in the presence of gelatin/CuS/PVA nanocomposite, a vast degradation of RhB took place in the presence of irradiation. Such a result apparently indicates that the photocatalytic activity of RhB pollutant degradation is effectively enhanced in the presence of CuS.
Effect of Catalyst Concentration
Photocatalyst concentration is one of the major parameters affecting the efficiency of degradation. To evaluate the photocatalytic activity of the concentration of the photocatayst, a number of experiments were done where the catalyst amount was varied from 0.1 to 0.35 g, at a fixed dye concentration of 25 mg/l. The results of these experiments are displayed in Figure 7 (a). The degradation efficient of RhB basic violet dye was observed to increase as the amount of the catalyst dosage increases to 0.25 g. Increasing the concentrations of photocatalyst were thought to increase the absorbance of incident light and produce more generated charge carriers, up to a dosage optimum value at which the maximum photocatalytic activity was observed. But beyond 0.25 g, there is a decrease in photocatalytic activity of RhB [32] . This can be attributed to the fact that the solution becomes turbid and hence cause shielding of light and hinder the light penetration. In addition, it might not be possible to continuously inject the photons into photocatalyst particles and a combination of electrons and holes may have been accelerated there [33] .
The photocatalytic degradation n of RhB is a pseudo first-order eaction and its kinetics is found to fit the expression given Equation (7) Table 1 . The results listed in the table confirm the interpenetrations mentioned earlier where the increase in the catalyst concentration leads to an increase in the reaction rate. The observed increase in rate constants as a result of increasing the amount of the catalyst could be attributed to the increase in the number of photons absorbed and the number of dye molecule adsorbed [34] . Table 1 shows also that the photocatalytic activity of the polymeric nanocomposites is high as can be seen from the large value of k obs .
Effect of the Initial Concentration of RhB Dye
The effect of the initial concentration of the dye on the efficiency of the photocatalytic degradation was investigated, as it represents an essential parameter in the degradation reactions of organic contaminants. Concentrations of RhB in the range of 25 -100 mg/l A. A. Al-Kahtani Table 1 . Pseudo-first order rate constants for the degradation and linear regression coefficients of the catalyst amount of gelatin/CdS/PVA as photocatalyst. 
Influence of Initial pH on Gelatin/CuS/PVA Photocatalyst
Changing the medium pH affects the number of available adsorption sites on the catalyst. Changing the medium pH can also alter the charge of the pollutants and the catalyst, and consequently the adsorption rate on the active sites of the catalyst [35] . it to be negatively charged. Because RhB dye is not protonated at a pH higher than 10, it will be repelled by the negatively charged surface of catalysis. Therefore, the efficiency of the degradation process decreases as the medium pH exceeds the value of 10.
Photocatalytic Reaction Mechanism
Composite materials have been successfully used to reduce the hole-electron pair recombination accompanying photocatalytic processes. 
In fact, 
Conclusion
This research project led to results supporting the fact that the gelatin/CuS/PVA nano- Figure 9 . Possible photocatalytic decoloration pathway for the photocatalytic degradation of RhB dye under solar light irradiation [7] .
composite can efficiently catalyze the photodegradation of RhB dye under solar light.
A. A. Al-Kahtani
Gelatin/CuS/PVA nanocomposites were successfully synthesized using gamma radiation induced copolymerization. The preparation of gelatin/CuS/PVA nanocomposite was confirmed qualitatively by FTIR and XRD. The particle size distribution obtained from the TEM results was found to range from 20 to 24 nm, which clearly referred to CuS nanocomposites. These particles are randomly distributed and are not equally uniformed. The rate of photocatalytic degradation reaction of the mono-substituted RhB dye was found to be sensitive to the pH of the reaction medium. This sensitivity might be attributed to the effect of the pH values on the surface characteristics of gelatin/ CuS/PVA nanocomposite and to the distribution of reaction species as well. RhB dye photocatalytic degradation under solar light worked best at low initial concentration of RhB dye. The efficiency of photocatalytic degradation was found to decrease as the initial concentration of phenol was increased. High efficiency of photocatalytic degradation was also observed at a pH of 10 of the reaction medium. RhB photocatalytic degradation in aqueous gelatin/CuS/PVA nanocomposite was found to follow a pseudo-first-order kinetics. The results of these studies clearly reveal the importance of identifying the optimum parameters for the degradation process in order to enhance the rate of degradation. This is necessary for any real and effective application of photocatalytic oxidation processes. Moreover, the outcomes of these investigations showed how gelatin/CuS/PVA nanocomposites can work as effective and convenient photocatalysts for removing RhB dye from wastewater through degradation process.
